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(54) Sense amplifier circuit for semiconductor memory devices 



(57) A sense amplifier circuit for a semiconductor 
memory device comprises first currentA^oltage conver- 
sion means (1) for converting a current of a memory cell 
(MC) to be read into a voltage signal (V9). second cur- 
rent voltage/conversion means (2) for converting a ref- 
erence current into a reference voltage signal (V20), 
and voltage comparator means (3) for comparing the 
voltage signal (V9) with the reference voltage signal 
(V20); the sense amplifier circuit comprises capacitive 
decoupling means (C1) for decoupling the voltage sig- 
nal (V9) from the comparator means (3), and means 
(1 3) for provkling the capacitive decoupling means (CI) 
with an electric charge suitable for compensating an off- 
set voltage introduced in the voltage signal (V9) by an 
offset current superimposed on the cuirent of the mem- 
ory cell (MC) to be read. 
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Description 

The present invention relates to a sense anplifier 
circuit for semiconductor memory devices. More specif- 
ically, this irwention relates to a sense amplifier circuit 
particularly adapted to Flash EEPROM devices. 

It is known that a semiconductor memory device 
comprises a matrix ("memory matrix") of memory celts 
located at the intersections of rows and columns of the 
matrix. The rows of the matrix are normally called "word 
lines", and the columns of the matrix are called "bit 
lines". 

A Flash EEPROM memory cell is comprised of a 
floating gate MOS field effect transistor with drain and 
source electrodes, a control gate electrode and a float- 
ing gate electrode; the control gate electrode is con- 
nected to a respective word line of the menrwry matrix, 
the drain electrode is connected to a respective bit line, 
and the source electrode is connected to a reference 
potential. 

The Rash EEPROM memory cell can be electri- 
cally programmed (or "written") and erased: during writ- 
ing, electrons are transferred into the floating gate 
electrode of the floating gate MOS PET by means of the 
so-called Channel Hot Electron ("CHE") effect; during 
erasing, electrons are removed from the floating gate 
electrode by means of Fowler-Nordheim tunneling. 

The presence of electron charges on the floating 
gate electrode modifies the current/voltage characteris- 
tic of the floating gate MOSFET. In fact, the threshold 
voltage of the floating gate MOSFET varies according to 
the charge on its floating gate electrode: a written mem- 
ory cell has a threshold voltage higher than that of an 
erased memory cell. 

This cfifterence in threshold voltages is exploited 
during reading mode to determine if a particular mem- 
ory cell is erased or written: the word line to which the 
control gate electrode of the memory cell to be read is 
connected is raised to a voltage between the threshold 
voltage of an erased memory celt and that of a written 
memory cell, and the voltage of the bit line to which the 
drain electrode of the memory cell is connected is also 
raised. In these corxiitions, if the memory cell to be read 
is a written memory cell it will not sink current (because 
the voltage on the control gate electrode of the memory 
cell is lower than its threshold voltage), while if it is an 
erased memory cell it will slnl^ current (because the volt- 
age on its control gate electrode is higher than its 
threshold voltage). 

Known sense amplifier circuits substantially com- 
prise currentA^ltage converters which convert the cur- 
rent sunk by the memory cell to be read in a voltage 
signal. Typically, this voltage signal is corrpared with a 
reference voltage signal obtained by current/voltage 
conversion of a reference current; the reference current 
is the current sunk by a so-called "reference memory 
cell", which is a floating gate MOSFET identical to those 
constituting the real memory cells but having a prede- 
termined threshoki voltage, corresponding to the so- 



called "virgin state" (the condition achieved by a floating 
gate MOSFET after it has been submitted to Ultra-Violet 
light). In this way, all the spurios effects, such as statis- 
tical geometrical and process variations between mem- 

5 ory cells, voltage variations, and so on, are eliminated, 
because they are trated as common-mode signals. 

A specific problem of Rash EEPROM devices is 
related to tiie fact that Rash EEPROM devices are not 
erased on a per-byte t>asis. but on a per-sector basis. 

10 This means that many memory cells (from thousand to 
millions) are simultaneously submitted to electrical 
erasing. Consequently, it is not possible to individually 
control the behaviour of each memory cell during eras- 
ing, tiie only feasible thing being a statistical approach. 

15 Slight differences in the electric characteritics of the 
conductive paths between the memory cells and the 
voltage rails, as well as in tiie geometi-y of tiie memory 
cells, determine a statistical distribution of the erasing 
time of the memory cells, and cause after erasing a dis- 

20 persion of values of memory cells' electric parameters 
such as the threshoki voltage, the memory cell cun-ent 
and so on. Therefore, after repeated electrical writing 
and erasing cycles, some of the floating gate MOSFETs 
may happen to be overerased to the extent that their 

25 threshoki voltages (normally positive) become negative. 
The existence of even only one depleted memory 
cell leads to the failure of the whole memory device. 
Infeict. a depleted memory cell sinks a finite current even 
when it Is not selected Q.b. when the voltage on its con- 

30 trol gate electrode is zero); when an attempt is made to 
read a written memory cell belonging to the same bit 
line as the depleted memory cell, the current sunk by 
the latter causes the sense amplifier circuit to errone- 
ously read the written memory cell as an erased mem- 

35 ory cell. In other words, the current sunk by a depleted 
memory cell can be regarded as an offset current which 
adds up to the current sunk by the memory cell to be 
read; this offset current causes an offset voltage to be 
superimposed on the output voltage signal of the cur- 

40 rent/voltage converter; the offset voltage, if large 
enough, can be responsible for the incon-ect reading of 
a written memory cell as an erased memory cell. 

In view of the state of the art described, the object 
of the present invention is to provkJe a new sense ampli- 

45 fier circuit for semiconductor memory devices in gen- 
eral, and particularly adapted to Flash EEPROM 
devices in that K is as far as possit)le not affected t^y the 
presence of depleted memory cells. 

According to the present invention, such an object 

50 is achieved by means of a sense amplifier circuit for a 
semiconductor memory device, comprising first cur- 
rent/voltage conversion means for converting a current 
of a memory cell to be read into a voltage signal, second 
current voltage/conversion means for converting a refer- 

55 ence current into a reference voltage signal, and voltage 
comparator means for comparing said voltage signal 
with said reference voltage signal, characterized by 
coniprising capacitive decoupling means for decoupling 
said voltage signal from said comparator means, and 
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means for providing said capacitive decoupling means 
with an electric charge suitable for corrpensating an off- 
set voltage introduced in said voltage signal by an offset 
cun-ent superimposed on the current of the memory cell 
to be read. 

The sense amplifier circuit according to the present 
invention is not affected by the presence of an offset 
current, such as that introduced by a depleted memory 
cell in a Flash EEPROM device, at least as long as such 
an offset current does not take very high values: in fact, 
thanks to the provision of said capacitive means 
between the cunrerrt-to-voltage converted signal and the 
comparator, any offset in the converted voltage signal is 
decoupled from the comparator's input being DC con- 
tribute; only the fluctuations of the converted voltage 
signal, corresponding to the cun-errt sunk by the mem- 
ory cell to be read, with respect to such a DC contribute 
are fed to the comparator. 

The features and advantages of the present inven- 
tion will be made more evident by the following detailed 
description of two particular embodiments, illustrated as 
non-limiting examples in the annexed drawings, 
wherein: 

Figure 1 is a schematic electric diagram of a sense 
amplifier circuit according to a first embodiment of 
the present invention; 

Rgure 2 is a schematic electric diagram of an 
address transition detection circuit for the control of 
the sense amplifier circuit of Rgure 1 ; 
Figures 3 A to 3D are timing diagrams of some sig- 
nals of the sense amplifier circuit of Rgure 1 ; 
Figure 4 is a schematic electric diagram of a sense 
amplifier circuit according to a second emtxxjiment 
of the present invention; 

Rgure 5 is a schematic electric diagram of an 
address transition detection circuit for tiie control of 
the sense amplifier circuit of Figure 4; 
Figure 6A to 6G are timing diagrams of some sig- 
nals of the sense amplifier circuit of Rgure 4 and of 
the address transition detection circuit of Rgure 5. 

As shown in Figure 1. a sense amplifier circuit 
according to a first embodiment of tiie present invention 
substantially comprises two currentA/oltage converter 
branches 1. 2 and a comparator 3. 

A first currentA^ottage converter branch 1, also 
called "matrix branch", is coipled to a group of bit lines 
BL of a matrix of memory cells MO of a semiconductor 
memory device. In the case of a Flash EEPROM device, 
each memory cell is represented t)y a floating gate 
MOSFET witti a drain electrode connected to one 
respective bit line BL of the matrix, a source electrode 
commonly connected to the source electrodes of all the 
other memory cells, and a control gate electrode con- 
nected to one respective word line WL of the mati-ix. 
The memory cells MC belonging to the bit lines BL 
which are coLpled to the same current/voHage con- 
verter tyanch 1 form a memory portion reserved to an 



external data line of the memory device (Flash EEP- 
ROM devices generally comprise eight or sixteen exter- 
nal data lines). 

According to a known arrangement, the bit lines BL 

5 coupled to the same currentA/oltage converter branch 1 
are grouped in packets 4. for example eight, each 
packet 4 comprising for examiple eight bit lines BL 
Inside each pad^et 4. each bit line BL is connected to a 
source electrode of a respective first-level selection N- 

10 channel MOSFET 5; drain electrodes of all the first -level 
selection MOSFETs 5 inside each packet 4 are com- 
monly connected to a source elecb-ode of a respective 
second-level selection N-channel MOSFET 6; drain 
electrodes of all the second-level selection MOSFET 6 

15 are commonly connected to a node 7 of the first cur- 
rentA^oltage converter branch 1 . 

A gate electrode of each MOSFET 5 is connected 
to a respective first-level bit line selecion signal YNO- 
YN7; similarly, a gate electrode of each MOSFET 6 is 

20 connected to a respective second-level bit line selection 
signal or packet selection signal YM0-YM7. Signals 
YN0-YN7 and YM0-YM7 are generated in a per-se 
known way by an address decoding circuitry 50 (sche- 
matically shown in Rgure 2) supplied with external 

25 address signals AO-An of the memory device. Such 
address decoding circuitry also generates word line 
selection signals WL0,WL1,...WLm for the selection of 
the word lines WL 

An N-channel MOSFET 8 (typically of the so-called 

30 "native** kirxi. that is a transistor having a much lower 
threshold voltage than an "enhancement" transistor: 
typically, the threshold voltage of an enhancement tran- 
sistor is aboui 1 V, and that of a native transistor is 0.4- 

0. 5 V) has a source electrode connected to node 7. a 
35 drain electrode connected to a node 9 of the first branch 

1 . arxl a gate electrode connected to an output of an 
inverter 10 whose input is connected to node 7. A P- 
channel MOSFET 1 1 has a drain electrode connected 
to node 8, a source electrode connected to a voltage 

40 supply line VDD, and a gate electi-ode connected to 
node 9. MOSFET 8 and inverter 10 form a so-called 
"drain voltage regulator" for the memory cells MC. and 
keep the voltage a! node 7 at a value of about 1 V, to 
prevent soft writing of tiie memory cells MC during read- 

45 ing. 

Node 9 is connected to one plate of a capacitor CI . 
whose second plate is connected to a node 12 to which 
a drain electrode of a P-channel MOSFET 1 3 is also 
connected; MOSFET 13 has a source electrode con- 
so nected to the voltage supply line VDD. and a gate elec- 
trode connected to an output of an inverter 14 whose 
input is connected to a signal ATD ("Address Transition 
Detected"), activated by an address transition detection 
circuit (shown in Rgure 2) upon recognition of a change 
55 in the external address signals of the memory device, 
as it will be t>etter explained later on. Node 12 is also 
connected to one input of the comparator 3. 

TTie second current/voltage converter branch 2 is 
sut3Stantially similar to the first branch 1. Branch 2 is 
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coupled to a so-called "reference" bit line BLR nfiade up 
of "reference* memory cells MCR: the reference mem- 
ory cells MCR are totally similar to the memory cells 
MC, except for the fact that their threshold voltages are 
set to the value of an UV erased memory cell. 5 

The reference bit line BLR is connected to a node 
15 of the second branch 2 through two serially-con- 
nected N-channel MOSFETs 16. 17 whose gate elec- 
trodes are both connected to the voltage supply line 
VDD; these two MOSFETs 16, 17 simulate the effect of 
the first- and second-level selection MOSFETs 5 and 6 
in series to each bit line BL on the first branch 1 , in order 
to have, as far as possible, identical electrical paths 
between the voltage supply line VDD and the memory 
cells MC and MCR. respectively. 

The reference memory cells MCR can be immersed 
in the matrix of memory cells MC. In alternative, the ref- 
erence memory cells MCR can be immersed in a little 
matrix of reference memory cells external to the matrix 
of memory cells MC. 

Similarly to node 7 in the first branch 1 . node 15 is 
connected to a drain voltage regulator comprising an N- 
channel MOSFET 18 (native kind) and an inverter 19. A 
drain electrode of MOSFET 18 is connected to a node 

20 of the second branch 2 to which a drain electrode of 
a P-channel MOSFET 21 is also connected; MOSFET 

21 has a source electrode connected to the voltage sup- 
ply line VDD, and a gate electrode connected to node 
20. A capacitor C2 has one plate connected to node 20, 
and a second plate connected to a node 22 to which a 
drain electrode of a P-channel MOSFET 23 is also con- 
nected; MOSFET 23 has a source electrode connected 
to VDD and a gate electrode connected to the output of 
the inverter 13. Node 22 is further connected to a sec- 
ond input of the comparator 3. 

An output 24 of the comparator 3 is supplied to a 
latch 25, whose output 26 is supplied to an output txiffer 
(per-se known and therefore not shown) which drives a 
respective external data line (also not shown). 

As shown in Rgure 2, the Flash EEPROM device is 
also provided with an address transition detection cir- 
cuit. Each external address signal AO-An supplies 
directly a first input of a XNOR (exclusive NOR) logic 
gate 27 and, through a delay line D, a second input of 
the XNOR gate 27. The outputs of all the XNOR gates 
27 are commonly connected and supplied to an input of 
a monostable circuit 28; the output of the monostable 
circuit 28 forms the signal ATD. 

Upon a logic state transition of even only one of the 
external address signals AO-An, a pulse of a predeter- 
mined duration is produced at the output of the monos- 
table circuit 28. 

Rgures 3A-3D show the temporal succession of 
event in a read operation of a vtrritten memory cell and of 
cm erased memory cell. 

A read operation starts when the logic configuration 
of ttie external address signals AO-An changes; at the 
instant tO one (YNi) of the first-level selection signals 
YN0-YN7 and one (YMj) of the second-level selection 



signals YM0-YM7 are activated by the address decod- 
ing circuib-y 50 (Rg. 3A); which one of the signals YNO- 
YN7 and YM0-YM7 is actually activated depends on the 
particular logic configuration of the external address 
signals AO-An. One of the first-level selection MOSFETs 
5 and one of the second-level selection MOSFETs 6 are 
turned on. so that the bit line BL which contains the 
memory cell to be read is connected to the node 7 of the 
current/voltage converter branch 1 . The reference bit 
line BLR is instead permanentiy connected to node 15 
of the second converter branch 2. 

Since none of the word line selection signals WLO- 
WLm is activated, no current will flow in the second con- 
verter branch 2 the voHage V20 at node 20 and V22 at 
node 22 is tiierefore equal to VDD. If no depleted (i.e. 
negative threshold voltage) memory cells are present in 
the selected bit line BL. the first converter branch 1 will 
be run through by a ti'ansient current, until a parasitic 
capacitance CBL of tiie selected bit line BL is charged 
to the voltage set by the drain voltage regulator 8 and 
10; as the parasitic capacitance CBL is charged, tiie 
voHage V9 at node 9 and VI 2 at node 1 2 raises towards 
VDD, 

As long as MOSFETs 13 and 23 are off, nodes 12 
and 22 are floating, being only connected to the high- 
impedance Inputs of tiie comparator 3. 

Differentiy, if one or nnore of the memory cells MC of 
the selected bit line BL are depleted, tiie depleted mem- 
ory cells sink a finite current even if their gate voltage is 
zero; consequentiy. even after the parasitic capacitance 
CBL of tiie bit line has been charged, a current wilt con- 
tinue to flow in the first converter branch 1 : such a cur- 
rent can be regarded as an offset current which causes 
the voltage V9 to set at a value lower than VDD. due to 
tiie voltage drop across MOSFET 11; the difference 
between VDD and the actual voltage V9 is an offset volt- 
age. In conventional sense amplrfter circuits, such an 
offset current could be responsible, if sufficientiy high, 
for an erroneous reading of a written memory cell for an 
erased memory cell. 

The change in the address signals AO-An also pro- 
duces, at an instant tl (Fig. 3B). the generation of an 
address transition detection pulse in the signal ATD. 
The ATD pulse turns tiie P-channel MOSFETs 13 and 
23 on, to connect nodes 12 and 22 to VDD. If no 
depleted memory cells are present in the selected bit 
line BL. capacitor CI charges to a voltage VC1 equal to 
zero. If instead the selected bit line BL contains 
depleted memory cells, capacitor CI will charge to a 
voltage VCI equal to the difference between the voltage 
V12 at node 12 (VDD) and tiie voltage V9, this last 
depending on the offset current introduced by tiie 
depleted memory cells. The ATD pulse has a predeter- 
mined duration at least sufficient to assure that capaci- 
tor CI is completely charged. Capacitor C2 charges to 
a voltage VC2 sut)stantially equal to zero, since both its 
plates are at VDD. 

When the ATD pulse ends. MOSFETs 13 and 23 
tum off, and nodes 12 and 22 are disconnected from 
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VDD (they are left substantially floating, since they are 
connected to the inputs of the comparator 3). 

At an instant t2, after the end of the ATD pulse, the 
address decoding circuitry 50 activates one (WLk) of 
the word line selection signals WL0,WL1...WLn (Fig. 
3C); the voltage of the selected word line WL is raised 
to VDD. One of the reference memory cells MCR of the 
reference bit line BLR is turned on and starts sinking 
current: this causes a drop in the voltage at node 20; 
since no discharge paths exist for capadtor C2, the volt- 
age V22 at node 22 follows the voltage V20. and sets to 
a value determined by the dimensional ratio between 
MOSFET 21 and the reference menrK>ry cell MCR (Fig. 
3D). 

Since it is supposed that the memory cell MC con- 
nected to the selected bit line BL and word tine WL is a 
written memory cell, the voltage VDD on its control gate 
electrode is not sufficient to turn it on, and it will not sink 
current; the voltage V9 does not vary, and also the volt- 
age V12 substantially remains at the VDD level. The 
voltage V12 is higher than the voltage at node 22; this 
voltage difference is detected by comparator 3. whose 
output 24 switches to, for example, the "0" logic level; 
this logic level is stored in the latch 25 which drives the 
respective external data line (typically by means of an 
output buffer circuit) to deliver the read datum. 

Let's suppose now that at an instant t4 the logic 
configuration of the external addreass signals AO-An 
changes, to start a new read operation. The word line 
selection signal WLk is disactivated. At an instant t5 one 
(YNi'.YMj') of the first- and secorxi-level selection sig- 
nals YN0-YN7 and YM0-YM7 are activated, to connect 
a new bit line BL to the converter branch 1 ; at an instant 
t6 the ATD pulse starts, and at an instant t7, successive 
to the end of the ATD pulse, one (WUO of the word line 
selection signals WL0,WL1 ...WLm is activated to select 
a new word line. 

Since it is supposed that the memory cell MC con- 
nected to the selected bit line BL and word line BL is 
now an erased memory cell, the voltage VDD on its con- 
trol gate electrode turns it on, and the cell sinks current; 
this current adds to the offset current introduced by the 
depleted memory cells (if they are present) and causes 
a further drop in the voltage V9; since capadtor C2 has 
no discharge paths, the voltage V12 follows the voltage 
V9. and drops below the voltage V22 (because the cur- 
rent sunk by an erased memory cell MC is higher than 
that sunk by the UV-erased reference memory cell 
MCR). The output 24 of the conparator 3 switches to 
the "1" logic level, and this logic level is stored in the 
latch 25. 

Capadtor C1 decouples node 12 from node 9. Dur- 
ing the ATD pulse, capacitor CI is charged to a voltage 
VCl which compensates the offset voltage introduced 
in the first converter branch 1 by any offset current of 
depleted memory cells. Thus, the voltage V12 is the 
same as if no depleted memory cells were present. 

It is important to note that for a correct working of 
the sense amplifier drcuit previously described it is nec- 



essary not to have an overlap between the ATD pulse 
and the word line selection signal WU).WL1,-..WLm. In 
fact it is necessary for capacitor C1 to be charged to a 
voltage VCl compensating the voltage drop produced 

5 at node 9 by the offset current only; the ATD pulse must 
be long enough to assure that capacitor CI is com- 
pletely charged. 

The latch 25 is necessary to prevent spurious tran- 
sitions of the external data line caused by the slow dis- 

10 charge of capacitor CI by means of leakage currents. 

Those skilled in the art will surely recognize that the 
speed perfbmnances of the previously described sense 
amplifier circuit, as well as of the amplifier circuit 
according to the known art, are mainly limited by the 

IS long settling time of V20 due to the slow discharge of a 
parasitic capacitor CBLR associated to the reference bit 
line BLR. 

Rgure 4 shows an alternative embodiment of a 
sense amplifier circuit according to the present inven- 

20 tion, having improved speed performances. In this 
embocfiment the reference bit line BLR of reference 
memory cells MCR has been replaced by a single mem- 
ory cell MCR external to the matrix of memory cells MC. 
The external reference memory cell MCR is driven by a 

25 signal VGR which has a different timing with respect to 
the word line selection signals WljO.WL1...WLm (Fig- 
ures 6C and 6E). Also. P-channel MOSFETs 13 and 23 
are controlled by two distinct address transition detec- 
tion signals ATDM and ATDR with a different timing, as 

30 visibile in Figures 6B and 6D. 

This arrangement allows a reduction in the time 
required to carry on a sensing operation. In fact, having 
replaced the reference bit line BLR with a single refer- 
ence memory cell MCR, the time necessary to the volt- 

35 age V20 to stabilize is lower, since the parasitic 
capacitance assodated to the reference memory cell 
MCR is much lower than that of CBLR in the previous 
embodiment. Furthermore, the reference memory cell 
MCR is now activated before the activation of one (WLk) 

40 of the word line selection signals WLO.WLI-WLm, so 
that when the memory cell to be read is activated the 
voltage V22 is already settled; this further reduces the 
time required for sensing a memory cell. 

Rgure 5 shows a schematic diagram of an address 

45 transition detection circuit for the sense amplifier drcuit 
according to this second embodiment. 

The ATD signal supplies a latch 29, whose output 
forms the signal ATDR driving the MOSFET 23 of the 
second converter branch 2. The latch 29 is also sup- 
so plied with a reset signal R which, at the end of each 
reading, resets the content of the latch 29. Also, the out- 
put of latch 29 is commonly supplied as a first input to a 
number of two-inputs AND gates 30 whose second 
inputs are supplied with a respective one of the word 

55 line selection signals generated by the address decod- 
ing circuitry 50. and whose outputs form the signals 
WLO-WLm. The signal ATDR is further supplied to a 
delay circuit 31 whose output forms the gate signal VGR 
driving the reference memory cell MCR; the output of 
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the delay circuit 31 is also commonly supplied as a first 
input to a plurality of two-inputs AND gates 32 wtiose 
second inputs are supplied with a respective one of the 
first- and second-level column selection signals gener- 
ated by the address decoding circuitry 50. and whose 
outputs form the signals YN0-YN7, YM0-YM7. The sig- 
nal VGR is further supplied to a monostable circuit 33 
whose output forms the signal ATOM driving the MOS- 
FET 1 3 of the first converter branch 1 . 

As in the circuit of Rgure 2, the ATD signal is gen- 
erated by a transition in at least one of the external 
address signals AO-An. The activation of the ATD signal 
(Fig. 6A) causes the activation of the signal ATDR (Rg. 
6B), which goes high and remains in this state until the 
reading of the memory cell has been completed (i.e. 
until the reset signal R resets it to the low logic state). 
The signal ATDR. going high, turns the MOSFET 23 off. 
thus leaving node 22 floating. The signal VGR is acti- 
vated after a predetermined delay, and goes high (Fig. 
6C), thus enabling the signals YNI, YMj to go high (Fig. 
6F). Also, the signal VGR starts an ATDM pulse (Rg. 
6D) at the output of the monostable circuit, which acti- 
vates the MOSFET 13 conndecting node 12 to VDD. 
The length of the ATDM pulse is such that MOSFET 12 
turns off before one (WLk) of the signals WLO. 
WL1,...WLm is activated. 

Claims 

1 . Sense amplifier circuit for a semiconductor memory 
device, comprising first cun-ent/voltage conversion 
means (1) for converting a current of a memory cell 
(MC) to be read into a voltage signal (VS). second 
cun-ent voltage/conversion means (2) for converting 
a reference cun^ent into a reference voltage signal 
(V20). and voltage comparator means (3) for com- 
paring said voltage signal (V9) with said reference 
voltage signal (V20), characterized by comprising 
capacitive decoupling means (C1) for decoupling 
said voltage signal (V9) from said comparator 
means (3). and means (13) for providing said 
capacitive decoupling means (CI) with an electric 
charge suitable for compensating an offset voltage 
introduced in said voltage signal (V9) by an offset 
current superimposed on the current of the menrx>ry 
cell (MC) to be read. 

2. Sense amplifier circuit according to daim 1 , charac- 
terized in that said offset current is a current sunk 
by at least one depleted meniKjry cell (MC) con- 
nected in parallel to the tnevnory cell (MC) to be 
read. 

3. Sense amplrfier circuit according to daim 1 , charac- 
terized in that said first currentA^oltage conversion 
means (1) comprise a first current/voltage cover- 
sion branch (1) connected in series between a 
power supply (VDD) and the memory cell (MC) to 
be read, said voHage comparator means (3) com- 



prises a comparator (3) with a first input coupled to 
an output (9) of said first conversion branch (1 }. and 
in that said capacitive decoupling means (CI) com- 
prise a decoupling capacitor (CI) connected 
5 between said first input of the comparator (3) and 
said output (9) of said first conversion branch (1). 

4. Sense amplrfier circuit according to claim 3. charac- 
terized in that said means (13) for providing the 

10 capacitive decoupling means (CI) with an electric 
charge comprise transistor means (13) connected 
between the first input of the comparator and the 
power supply (VDD) and activatable to electrically 
connected said capacitor (CI) to the power supply 

IS (VDD). 

5. Sense amplifier circuit according to claim 4. charac- 
terized in that said second current/voltage conver- 
sion means (2) comprise a second current/voltage 

20 conversion branch (2) connected in series between 
the power supply (VDD) and current generator 
means generating said reference current, the sec- 
ond converter branch (2) having an output (20) cou- 
pled to a second input of the comparator (3). 

25 

6. Sense amplrfier circuit according to claim 5, charac- 
terized in that said current generator means com- 
prise a reference menwry cell (MCR) identical to 
the memory cell (MC) to be read and having a pre- 

30 determined threshold voltage. 

7. Sense amplifier circuit according to daim 5 or 6, 
characterized by comprising a second decoupling 
capacitor (C2) connected between said output (20) 

35 of the second converter branch (2) and the second 
input of the comparator (3). arxi by comprising sec- 
ond transistor means (23) connected between the 
second input of the comparator (3) and the power 
supply (VDD) and activatable to electrically connect 

40 the second decoupling capacitor (C2) to the power 
supply (VDD). 

8. Sense amplifier circuit according to claim 7. said 
semiconductor memory device conrprising a matrix 

45 of memory cells (MC) located at irrtersection of 
rows (WL) and columns (BL) of the matrix, column 
selection means (5.6) for electrically coupling one 
of a group of said columns (BL) to said first cur- 
rentA/oltage converter branch (1). address decod- 

50 Ing means (50) for generating column selection 
signals (YN0-YN7,YM0-YM7) for driving said col- 
umn selection means (5,6) and row selection sig- 
nals (WL0.WL1 , WLm) for selecting one of said 
rows (WL) in response to external address signals 

55 (AO-An) of the merrxsry device, characterized in that 
it comprises address transition detection means 
(D.27.28) for temporarily activating said transistor 
means (13), in resportse to a change in the external 
address signals (AO-An). for a predetermined time 



6 



11 
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between the activation of the column selection sig- 
nals (YN0-YN7.YM0-YM7) and the activation of the 
rcw selection signals (WLO.WfLI . WUn}. 



10 



IS 



so 



25 



30 



35 



40 



45 



50 



55 



EP0 740 307A1 




8 



EP0 740 307A1 




MJ ^TD 



-» > 



Fig.2 



T— o— WL1 



^NO 

3=:8l;»'N7 



V, 
VDD 



YNI.YMj 




YNi'.YMj* 



to 



U t5 



VDD 



ATD 



f1 



t6 t 



VDD 



i 

t2 



WLk 



VDD 




Fiq .5A 



Fiq>5B 



Fiq.5C 



Fiq.5D 



9 



EP0 740 307 A1 




10 



EP0 740 307A1 




EP0 740 307A1 



Eurapean Patent 
Offkc 



EUROPEAN SEARCH REPORT 



AppOcatim Nubor 

EP 95 83 0166 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Catceory 



Citation of daniiTnt with indication, wfam appropriate, 
of I 



Rcfevant 

to ( 



CLASSinCATION OF THE 
APPLICATION Oot-CLC) 



EP-A-0 505 915 (NEC CORPORATION) 



* column 5, line 38 
figures 3,4 * 



column 9, line 36; 



PATENT ABSTRACTS OF JAPAN 
vol. 12 no. 259 (P-733) ,21 July 1988 
& JP-A-63 046691 (TOSHIBA CORP.) 27 
February 1988, 

* abstract * 

PATENT ABSTRACTS OF JAPAN 

vol. 18 no. 519 (P-1807) ,29 September 

1994 

& JP-A-06 176585 (FUJITSU LTD) 24 June 
1994, 

* abstract * 

IEEE JOURNAL OF SOLID-STATE CIRCUITS, 
vol. 24, no. 5, October 1989 NEW YORK US, 
pages 1244-1249, XP 000066266 
TERADA ET AL '120-ns 128K x 8-bit/64K x 
16-bit CMOS EEPROMs' 

* figures 3,8 * 

IEEE JOURNAL OF SOLID-STATE CIRCUITS, 
vol. 22, no. 4, August 1987 NEW YORK US, 
pages 548-552, 

KASUOKA ET AL 'A 256-kbit flashE2PR0M 
using triple-polysil icon technology.' 

* figure 7 * 



1.3.4.7. 
8 



1.3,4,7 



1.3.5,6. 
8 



1.3,5,8 



G11C16/06 



TECHNICAL FTEUDS 
SEARCHED (InLCU) 



GllC 



1.3,5,6 



The prevent seardi report hat been drawn up for all daiats 



I 



THE HAGUE 



4 October 1995 



Cunmings. A 



o 

O 



CA-nCGORY OF CITED DOCUMENTS 

X : pvticoUrly rdcvant if takea alooo 

Y : pHticoUriy rderant If cofabtooi with aaoCbcr 

docnmait of the same catcgorjr 
A : tochnolofical teckgroaai 
O 
P: 



T : theory or pttedpio imieflyins the teveatioa 
E : culiv fdmt iecoiaent, tat paUlsboi on, or 

ifle lb* fUiag <ate 
D : ioemcnt dtei la the aypUottoa 



12 



